Background: Workers in various occupations often report work-related upper quadrant dis-
and (d) no prior non-occupational accident or acute trauma to the symptom area within the past year; and (e) no prior diagnosis to the specified symptom area (National Institute for Occupational Safety and Health, 1997) . WRUQDs are the second most common cause of work-related musculoskeletal disorders, with only lower back pain being more common (Health and Safety Executive, 2016) . In 2015/ 16, WRUQDs accounted for approximately 36% of lost days attributed to all work-related musculoskeletal disorders, which equated to a mean of 14.1 work days lost per WRUQD case (Downey, 2013; Health and Safety Executive, 2016) .
Work-related musculoskeletal disorders, including WRUQDs, develop in many occupational environments, including office, agricultural and forestry, construction, transport, and health and social care settings (da Costa, Baptista, & Vaz, 2015) . There are multiple factors that are implicated in the development of work-related musculoskeletal disorders and are likely to interact with one another. Examples include personal factors such as age and gender (Bernal et al., 2015; Nordander et al., 2008) ; psychosocial factors such as social support and job control (Bernal et al., 2015) and physical factors such as sustained postures, sedentary behaviours and repetitive manual or vibration tasks (Widanarko, Legg, Devereux, & Stevenson, 2014) . Systematic reviews investigating the risk factors for the development of WRUQDs have reported that work scheduling and physical demands such as repetitive manual handling and awkward postures can be associated with the nursing and midwifery professions (Long, Johnston, & Bogossian, 2012) , whereas heavy physical work, smoking, high body mass index and the presence of other co-morbidities are reported to have an association with all work-related musculoskeletal disorders in office, forestry and construction occupational settings (da Costa & Vieira, 2010) .
Physical activity is defined as any bodily movement that requires energy expenditure. It can be subgrouped into three categories, including active transport (e.g. walking upstairs instead of using lifts), active living (e.g. using a vacuum cleaner) and sports and exercise (Public Health England, 2014; World Health Organization, 2010) . Physical inactivity has been strongly associated with the development and exacerbation of chronic health problems, including diabetes mellitus, ischaemic heart disease, cancer (Lee et al., 2012) and musculoskeletal complaints such as neck pain (Hallman, Ekman, & Lyskov, 2014) , low back pain (Orr, George, & Simon, 2016) and lower limb osteoarthritis (Stubbs, Hurley, & Smith, 2015) . To date, no review has been published that synthesizes the possible association of physical (in)activity in the development of WRUQDs across multiple occupational settings. Furthermore, no review has been conducted to investigate whether the incidence of WRUQDs is associated with physical activity participation. Gaining an insight into this possible association will enhance the assessment and management strategies for individuals, employers and healthcare professionals. Accordingly, the primary aims of the present review were to investigate the incidence of WRUQDs in association with physical activity participation and whether physical (in)activity can predict the development of WRUQDs.
| METHODS
The systematic review was registered with the PROSPERO review database (Ref: CRD42016047776), and completed following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines of reporting (Moher et al., 2009 ).
| Search strategy
One reviewer (M.M.) conducted the systematic search of the electronic databases PubMed (MEDLINE), EMBASE and CINAHL from inception to 31 March 2017. Figure 1 shows an example of the search strategy used in MEDLINE. An unpublished (grey) literature search and trial registry search was also carried out. A hand search was completed of the reference lists of the records screened for potential inclusion. Finally, the corresponding authors from all included studies were contacted to determine if there were any pending publications or unpublished work in this area. 
| Eligibility criteria
Studies were included if they met the following criteria:
1. Any observational study type 2. The dependent variable being physical activity participation It was anticipated that some studies might not report factors (iv) and (v); therefore, an analysis of eligible studies was undertaken to determine whether factors (iv) and (v) had been included. If factors (iv) and (v) had not been explicitly reported by authors, an additional sub-analysis was undertaken to include these studies without these factors.
Any outcome measure capturing physical activity during work or leisure time was considered for inclusion. No limitation of publication date was applied. All considered articles had to be in the English language. Articles were excluded if physical activity was not measured or if the participants' WRUQDs were related to systemic pathology, fracture, myelopathy or upper motor neurone pathology.
| Study identification
Based on the eligibility criteria, the titles and abstracts of all search results were independently reviewed by two reviewers (M.M., T.S.).
From this, full-text articles from potentially eligible articles were retrieved and independent assessment was completed by the two reviewers. Final eligibility was decided based on full-text assessment. An assessment of reliability (between-reviewer) for the eligibility criteria was performed for a random sample of 10 potentially eligible papers using a weighted kappa statistic. This indicated that the between-reviewer agreement ranged from 0.11 to 1.00 across the criteria, with perfect (kappa = 1.00) overall agreement on the eligibility of individual papers (available on request).
| Data extraction
Data were extracted onto a pre-defined data extraction table independently by one reviewer (M.M.) and verified by a second reviewer (T.S.). Data extracted included: study characteristics, study type (setting and design), subjects (number, age and gender), work environment and details of WRUQD diagnosis. Corresponding authors were contacted to seek clarification or to request additional information on the data sets.
| Quality assessment
Two authors (M.M., T.S.) independently assessed the quality of each included study using a modified Downs and Black checklist (Downs & Black, 1998) . Any disagreement between reviewers in respect of study eligibility, data extraction or critical appraisal was firstly discussed between the two reviewers (M.M., T.S.). If a consensus could not be reached, a third reviewer (M.T.) acted as adjudicator.
Two reviewers utilized a modified Downs and Black tool to appraise the quality of the articles. Item 8 was removed from assessment as our review question and included studies did not assess the adverse effects of an intervention. Item 14 was removed as the research question of the included studies did not require that the subjects were blinded to the intervention. Item 15 was removed as the research question of the included studies did not require blinding of assessors to an intervention. Item 19 was removed from the assessment of all included studies as compliance was not an objective of their research. Items 23 and 24 were removed from assessment of all studies as randomization was not indicated in the study designs.
The scoring between the two reviewers of the included studies had an agreement rate of 88% (147/168). Disagreements were around items 20-22 and 25-27; they were all resolved through discussion and consensus was achieved.
| Data analysis
The heterogeneity of the included studies was assessed by the two reviewers (M.M., T.S.) through examination of the data extraction table. This demonstrated significant heterogeneity in respect of subject characteristics (definition of WRUQDs), co-interventions and the method of assessing physical activity, and it was therefore inappropriate to conduct a meta-analysis. As a result, a narrative analysis approach was completed to answer our question.
| RESULTS

| Search strategy
Eighteen studies met the selection criteria (Figure 2 ). However, 10 studies were excluded as the authors failed to respond to our request for upper quadrant data (Batham & Yasobant, 2016; Feveile, Jensen, & Burr, 2002; Haukka et al., 2015; Howard, DeFina 
| Study characteristics
The characteristics of the included studies are presented in Table 1 . Six studies were cross-sectional surveys or questionnaires (Al-Mohrej et al., 2016; Feng et al., 2014; Gelfman et al., 2010; Park et al., 2010; Slot & Dumas, 2010; Yue et al., 2012) . The other two studies were cohort study designs, one was non-matched (Hagberg et al., 2007) and one was gender matched (Hesselman et al., 2016) .
A total of 5,305 subjects were recruited across the eight studies.
Four studies recruited participants from healthcare centres or hospitals (Al-Mohrej et al., 2016; Feng et al., 2014; Gelfman et al., 2010; Hagberg et al., 2007) . Park et al. (2010) recruited from a fishyard in South Korea; Slot and Dumas (2010) recruited tree surgeons; and Yue et al. (2012) recruited participants from multiple inner-city schools. One study did not provide information on where their subjects were recruited from (Hesselman et al., 2016) .
| Quality assessment
The quality assessment using a modified Downs and Black assessment tool varied considerably across the eight included studies. The three most frequent criteria satisfied on the quality assessment were criterion 1 (Is the hypothesis/aim/objective of the study clearly described); cri- 
Negative association
No exercise = greater chance of workrelated upper quadrant disorder Feng et al. (2014) Cross-sectional survey 272 34.7 ± 8.9 years (range: 20-60). Males (n = 151) females (n = 121).
Standardized Nordic questionnaire (Kuorinka et al., 1987) .
Dentists (Guangzhou, China)
Question:
"how many times do you exercise every week?"
Neck: OR 0.37 (0.14-1.00)
No exercise = greater chance of neck pain 
| Measurement methods for physical activity
Two studies (Al-Mohrej et al., 2016; Park et al., 2010) and neck (OR 0.87; 95% CI 0.68 to 1.11) (Park et al., 2010) .
Three studies reported a negative association between physical activity participation and WRUQDs, where physical activity was lower in those who reported WRUQDs. Al-Mohrej et al. (2016) reported this in dental workers with work-related neck (OR 1.41; 95% CI 0.74 to 2.70), shoulder (OR 2.38; 95% CI 1.19 to 4.79) and hand (OR 2.00; 95% CI 0.90 to 4.46) symptoms. Feng et al. (2014) reported a statistically significant relationship between dentists who did not participate in physical activity and work-related neck symptoms (OR 0.37; 95% CI 0.14 to 1.00). Gelfman et al.
(2010) reported a negative association (but no data were presented) between higher Disabilities of the Arm, Shoulder and Hand (DASH) (Hudak, Amadio, & Bombardier, 1996) scores with participants who rarely or occasionally participated in physical activity. One study reported that little or no physical exercise participation was a risk factor for self-reported productivity reduction and work-related neck symptoms (hazard ratio [HR] 1.9; 95% CI 1.05 to 3.62), shoulder symptoms (HR 3.1; 95% CI 1.11 to 8.64) and forearm and hand symptoms (HR 3.3; 95% CI 1.36 to 8.01).
One study reported a positive association between physical activity participation and WRUQDs. Yue et al. (2012) reported that school teachers who participated in ≥7 h of physical exercise per week were less likely to develop WRUQDs (OR 0.55; 95% CI 0.35 to 0.86).
| Analysis 2: Subgroup analysis of NIOSH WRUQDS case definition criteria
None of the eight studies included explicitly reported criterion iv (no prior non-occupational accident or acute trauma to the symptom area within the past year); or criterion v (no prior diagnosis to the specified symptom area). Therefore, the planned subgroup analysis was not performed.
| DISCUSSION
This was the first systematic review to investigate the incidence of WRUQDs in association with physical activity participation, and whether physical (in)activity might predict the development of WRUQDs. From the eight included studies, three moderate-quality studies reported no statistical difference between physical activity participation and the risk of developing WRUQDs. Three moderateto high-quality studies reported a negative association between physical activity participation and WRUQDs. One moderate-quality study reported a positive association between physical activity participation and WRUQDs, whereby physical activity was lower in participants reporting WRUQDs. One moderate-quality study reported that little or no physical exercise participation was a risk factor for selfreported productivity reduction and work-related neck, shoulder, forearm and hand symptoms. All eight studies used varying selfreported and objective measurements of physical activity participation.
The current evidence presented with a wide variance in the working environments and occupations of the recruited participants. Sitthipornvorakul, Janwantanakul, Purepong, Pensri, and van der Beek (2011) reported the association between daily physical activity and neck and low back pain. They concluded that there was limited evidence for no association between physical activity and neck pain in adult workers, which was based on one study included in the review (Sitthipornvorakul et al., 2011) . Our review included three studies reporting a negative association between physical activity participation and WRUQDs (Al-Mohrej et al., 2016; Feng et al., 2014; Gelfman et al., 2010) . This difference might be attributed to the difference between the inclusion and exclusion criteria of the individual studies. The findings of Sitthipornvorakul et al. (2011) related to the general population, whereas the studies in our review only included a participant population with a diagnosis of WRUQDs, which encompasses neck pain.
Relating physical activity participation levels in the WRUQDs population to those in other populations with chronic musculoskeletal pain might provide further insight and understanding to assessment and management strategies. However, there are a limited number of studies published in this area of research. In adults with low back pain, there were conflicting results between the association between physical activity participation and low back pain in the general population (Sitthipornvorakul et al., 2011) . These findings, similar to those in our review, might be attributed to the het- Individual's barriers and facilitators for undertaking physical activity are multifactorial, with complex interactions (Stubbs et al., 2015) .
These can include pain severity, and work and leisure time habits (Mansfield, Thacker, Spahr, & Smith, in press ), social support and access to facilities (Stubbs et al., 2015) . Future research should also aim to address why participants with WRUQDs might or might not participate in physical activity and how this relates to prognosis and outcome. This would provide a deeper understanding of possible assessment and management strategies to support high-quality healthcare management in this patient group.
There were a number of potential limitations to our review, as a result of the currently available literature. Firstly, we identified 18 studies that met our inclusion criteria. Of these, 10 were excluded as the authors did not respond to our request for data on WRUQDs.
As a result, it remains unclear whether these papers, excluded owing to limited reporting on WRUQDs, might have affected the conclusions reached in the review. Secondly, the occupation of recruited participants and their working location varied between manual workers, hospital workers (including dentists and administration staff) and inner-city school teachers. This reduces the generalizability of the analysis to specific populations, making interpretation potentially more challenging. Finally, the measurement of physical activity participation in each study varied, with limited use of accelerometry in WRUQD populations. The use of more objective assessments of physical activity might therefore negate the potential risk of recall error and social desirability bias which can occur with patientreported measures of physical activity (Kowalski, Rhodes, Naylor, Tuokko, & MacDonald, 2012) .
| CONCLUSIONS
A limited evidence base indicated a negative association between physical activity participation and WRUQD development. However, this was not a consistent finding across all included studies. Further research is indicated in standardizing diagnosis classification criteria and the measurement of physical activity participation in this patient population, to further our understanding on how physical activity participation might or might not relate to the development of WRUQDs.
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